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COMPLETE SPECIFICATION 
Substituted Phenols 

We, United States Rubber Company, of Rockefeller Centre, 1230 Avenue of 
the Americas, New York 100—20, State of New York, United States of America, a 
corporation organized and existing under the laws of the State of New Jersey, United 
States of America, do hereby declare the invention, for which we pray that a patent 

5 may be granted to us, and the method by which it is to be performed, to be partial- 5 
larly described in and by the following statement : — 

This invention relates to methods of making chemical compounds containing a 
hydroxydialkylbenzyl group and to certain new hydroxydialkylbenzyl compounds, the 
term "alkyl" including cycioalkyl and aralkyl 

10 The compounds made according to the present invention are useful as anti- 

oxidants. 

This invention consists in a method of making a compound of the formula A 2 S, 
AOR, ASR 1 , A*NR* ANR-R 3 or A— S— X— S— A; wherein: — 



,10 



A represents 



15 




15 



R 4 and R~> being the same or different and representing alkyl, cycioalkyl or 
aralkyl groups having up to 12 carbon atoms, 

R represents an alkyl, cycioalkyl, aralkyl or hydroxyalkyl group having up to 12 
carbon atoms, 

20 Ri represents an alkyl, hydroxyalkyl, aryl, cycioalkyl or aralkyl group having up 20 

to 18 carbon atoms, 

R- and R l may be the same or different and represent H, OH or an alkyl, cycio- 
alkyl, hydroxyalkyl, aralkyl or aryl group having up to 12 carbon atoms, or NR fl R 7 , 
R* and R ; being the same or different and representing hydrogen or alkyl, cyclo- 
25 alkyl, aralkyl or aryl groups having up to 12 carbon atoms, 25 

and X represents a diradical containing from 2 to 18 carbon atoms, 
which method comprises treating a compound having the formula AZ, wherein 
A has the above significance, and 

I Price 4s 6d.] 
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Z represents 

S 

II 

— S — C — NR'R' 



R" and R' being the same or different and representing lower alkyl groups, or, 
in the case where A has formula II above, Z may alternatively represent 




with an alkali metal sulfide, or with an alkali metal hydroxide and an active hydroeen 
contaming compound having the formula ROH, R'SH, NH 2 R 2 or NHR 2 A, NHR*R 3 
or ti — 6 — a — J> — H, wherein 

R, R 1 , R 2 , A, R 3 and X have the above significance, the reaction being effected 
in an mert solvent or when ROH is used, in an excess of ROH, and isolating he in 

A e 3-X-S-A 6 AlS ' A ° R ' ASR1 ' A ^ R "> or 10 

This invention further consists in a compound having the formula 

, OH 





or 



25 



15 



m „ 7 he / ea KV°1 is P referabI y effe «ed at a temperature between 20° C an H inn° r 25 
more preferably between 50° C »nri inno r rL n "r lwccn - £U ana 100° C, 

reflux at the boiling pS of the solvent ^ ^ reaCti ° n is effected ^ 

The preferred P H of the rLtio^terr "sabout 8 i ? % C ° mpIete ,n 30 or ^ 30 

and ^-dimethyl benzyl radicals! cyclobe ^> O^octyl, benzyl, ^methyl benzol 



35 



35 
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3 



S 

II 

HCHO + A'H + CS ; + NHR*R 9 -»A — S — C — NR"R* + H 2 0 

The groups R s and R" are preferably alkyl groups having up to 6 carbon atoms 
each, for instance, methyl, ethyl, wopropyl, butyl or amyl groups, since the alkali 
metal clithiocarbamates having these groups are sufficiently water-soluble to facilitate 
5 working up and avoid contamination of the product. 5 

The intermediates AZ wherein 2 is the 




group may be prepared by reacting the corresponding dialkyl phenol with formalde- 
hyde and mercaptobenzothiozole under acid conditions in a reaction similar to that 

10 described in United States Patents Nos. 2,134,957 and 2,150,463. 10 
Examples of suitable dialkyl phenols are 2,4-dimethyi phenol, 2-methyl-4-*err.- 
butyl phenol, 2-terf.butyl-4-methyl phenol, 2,4-di-terr. butyl phenol, 2-m«hyl-4-cycto- 
hexyl phenol, 2-cyc/ohexyl-4-methyI phenol, 2,4-di-cycfohexyl phenol, 2-methyI-4- 
tert.actyl phenol, 2-ter*.octyl-4-methyl phenol, 2,4-di-rerf.octyl phenol, 2-nonyl-4- 

15 methyl" phenol, 2-methyi-4-nonyl phenol, 2,4-dinonyl phenol, 2-methyl-4-(«-methyl 15 
benzvl) phenol, 2-(<v-methyl benzyl)-4-methyl phenol, 2,4-di-(tt-methyIbenzyl) phenol, 
2-methyl-4-(ayar-dimethylbenzyi) phenol, 2-(rt,a-dimethylbenzyl)-4-methyl phenol, 2,4- 
di(ft,ft-dimethylbcnzyl) phenol, 2,6-di-terr.butyl phenol, 2,6-xylenol, 2-mcthyI-6-rer*.- 
butyl phenol, 2,6-di-f.ropropyl phenol, 2-methyl-6-cyc/ohexyl phenol, 2-methyl~6-te?\'.- 

20 octyl phenol, 2,6-di-/erf.octyl phenol, 2-methyl-6-(«-methyl benzyl) phenol and 2- 20 
methyl-6-(a,a~dimethyl benzyl) phenol. 

Compounds of the formula A 2 S 
One mole of the compound AZ is preferably reacted with approximately 0.5 mole 
of alkali metal sulfide. If less than 0.5 mole equivalent of the alkali metal sulfide is 
25 used the reaction will be incomplete and the product will contain unreacted starting 25 
material. If more than 0.5 mole or equivalent of the alkali metal sulfide is used reaction 
will be complete but recovery of the carbon disulfide and the amine from the by- 
product dialkyl dithiocarbamate will be complicated by the presence of excess metal 
sulfide. For these reasons the use of about 0.5 mole or equivalent of the alkali metal 
30 sulfide is preferred. The equation for the reaction is as follows: 30 

2AZ + Na 2 S->2NaZ -f A 2 S 

It should be noted that an alkali metal hydrosulfide such as NaSH may be used 
in combination with an equimolar amount of alkali metal hydroxide such as NaOH 
as the precursor or source of the alkali metal sulfide such as Na,S. 

35 Compounds of the formula A — S — X — 5 — A 35 

Two moles of AZ are preferably reacted with at least two moles of alkali metal 
hydroxide and one mole of H — S — X — S — H. The reaction may be represented as 
follows: 

2AZ -r 2XaOH + H — S — X — S — H-»2NaZ + 2H,0 + A— S— X— S— A. 

40 The diradical X may be aliphatic or may contain cyclo aliphatic or aromatic 40 

groups. The diradical may contain in addition hetcro atoms such as sulphur, oxygen 
or nitrogen. Thus, for example, X may be 

(a) A polymethylene diradical of the formula — (CH 2 ) n — wherein n is a whole 
number from 2 to 12, for example — CH-jCH = — and — (CH 2 ) 1: — . 
45 (b) A branched chain polyalkylene diradical of the formula: 45 

R (R) R 
I (*) 1 
-C-(C)— c- 

I (1) \ 

R (R)a R 



1,042,639 



wherein n is a whole number from 0 to 9 and the R groups may be hvdro-en 
(c) An aralkyl diradical of the formula : " ^CH,)=-CH,_. 




t^*£™^T P ° f 1 t0 4 Carb0 " — and " » • number 



-CH 



9*3 CH, 



or _ 




(d) An aralkyl diradical of the formula : 





CH,~ 



(e) An aromatic diradical of the formula : 

-Of 

22* iS a " ^ radkaI and n is a ^ole 



or 



number from 0 to 4, for 





(0 An aromatic diradical of the formula : 



wherein Z is -0-, -S- or -S(X- 
(g; An aromanc diradical of the formula": ' 



(h) A cyclic hydrocarbon c.„„W„ g diradic<1 0( ^ , ormu|a 
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(?) <- cr ~ c h r IS- 

-(C)— CR ^ [\\ 

(R)n ^CR 2 CR 2 tWn 



wherein R may be hydrogen or an alkyl group and n is a whole number 
from 0 to 6, for example : 



-CH 2 CH 2 



— {jy~ ° r -ch 2 ch z — 3 



(i) An aliphatic diradical, containing herero atoms, of the general formula : 

-(C)— x 1 — to- 
ll) (I) 

|R)n (R)n, 

wherein R may be hydrogen or alkyl, n is a whole number from 1 to 6 and 
y/ _o_ _S— —SO.— or — NR'— (wherein R' is an alkyl group), 
for example: ^CH 3 CH 2 OCH 2 CH 2 -> ' -CH 2 CH 2 SCH 2 CH 2 - or 
—CH^CH.SO.CH.CH,— . 
(j) A diradical of the formula: 

_CH 2 CH 2 OCH 2 CH,OCH 2 CH,— or — CH 2 CH 2 OCH 2 OCH 2 CH 2 — 

(k) A diradical of the formula : 

R) 



R 0 R 

-Icj— c-lcf- 

(R)a («a 



wherein R may be hydrogen or alkyl and n is a whole number from 1 to 5, 
for example: 

— CHXILC— CH 2 CH,— 

Suitable dimercaptans (dichiols) of the formula H— S— X-SH include the 
following: 

(a) 1,2-ethanedithiol 
1,4-butanedithiol 
1, 10-decanedithiol 

(b) 2,2-dimethyl- 1,3-propanedithiol 

(c) o^'-dimercapto-p-xylene 
bis(mercaptomethyl) durene 

(d) bis(mercaptomethyl)naphthalene 

(e) toluenedithiol 

(0 p,p'-oxybis(thiophenol) 

(4,4'-dimercaptodiphenyl ether) 

(g) dimercapto diphenyl 

(h) 2-mercaptoethyl-4-mercaptocyclohexane 

(i) £.£'-dimercaptodiethyl ether 
tf^'-dimercaptodiethyl sulfide 
jtf^-dimercaptodiethyi methylaminc 

(j) l,2-bis03-mercaptoethoxy)ethane 
(k) ^^'-dimercaptodiethyl ketone 
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Particularly preferred products of the invention are those derived from dimer- 
captan. ; of the ormub H-S-X-S-H in which X is as defined previously and s 

G) 'n&g^u^'* fMmUla - {CH ^ Wherei " " » ' who/e 
(II) an aralkyl diradical of the formula; 




wherein R is an alkyl group of 1 to 4 carbon atoms and n is a whole 
number from 0 to 4 

(III) an aromatic diradical of the formula : 

(IV) an aromatic diradical of the formula ; 
(V) an aliphatic diradical of the formula : 



(R) (R) 
(l) 
-(C — S- 



ntSf™ XZr ° r 3lkyl (e S ' ^ C3rb0n 3t0mS) and n is a 
(VI) an aliphatic diradical of the general formula : 

alkylbcnzylthio - diphenyl ethers, bis(2 - hydroxy - 3 - alkvl iHw ^J- 5 " 

alkyl cyclohexanes, bis(2 - hydroxy - 3 - aSvl 5 /ftriX? '. f .\ a ' k .y lben2 yJthio)- 
(especially diethyl sulfides)" S V ,fides 
which the alkyl and aralkyl groups 2 „S tST 1 '^ °>phenyls, in 
hydroxy-5 -alky! benzylthio>-alS Ss(?-alkyl-4 X^SJllkvl"?? ??£ f «" 4 " 
benzenes, bis(3-alkyl-4-hydrox y -5-alkyl tenzvUhtjdia^ e£ ft" 
hydroxy-5-alkyl benzylthio)-di a lkylben Z enes, .^*jJ-hJ& 5 !&$£^ 
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„ . tfi . Kkn a ikvl-4-hvdroxy-5-aikylben2ykhio)biphenyl, and bis(3-aikyl-4- 
dialkvl sulfides, bis(3-aikyi-4 nyQ^y j r j ' contain up to 

hydroxy-5-aikyl benzylthioj diphenyl ethers, in wnicn tne ai*yi grou^ 

12 carbon atoms. - Y ca ; n which A has the formula II 

Those compound, of the formula AS-X-SA ^iSUciarbyl phen<> | wilh 

above may also be P^^^ ^ SJ^tai A preparation of this type is 

^, a moch purer ^c-p^gj-; S ' , R . SH „, „ , MSI one 
n J5»,S'5^A^^»^ * *• cation: 
AZ + R'SH + NaOH-*ASR' + NaZ + H 2 0. 
The mercaptan s wh f ^^^^ti^ 

caftans, such a, mercspto ^^S^^STtS*^^ ^' k "" S 
S P \"e».t ( eT£^T^^ - ^ 

. , „ m „,e7f^*°^edTi* allSTone moie of afkafi metal 
W,!£1$>r^t°l¥ ofROH^e reacdon is illus^ed by the ,0»ow,„ 8 

equation: AZ + FOH+ NaOH-»AOR+ NaZ+HiO 

benzyl alcohol or dodecanol. 

Compounds of the formula ANR*R S and A*NR* 

The equation is as follows : 

AZ + NaOH- + R 2 R 3 NH-»ANR 2 R 3 + H 2 0 + NaZ 

as follows . ^ + ANHRa + Na0H _, a 2NR ^ +NaZ + H 2 0 

2AZ + NH 2 R^+ 2NaOH->A*NR* + 2H-0 + 2NaZ 
Suitable amines which may be used are: 

2 pSrfand secondary .Ikyl amines from methyl- and dimed,ylamine to 
\ hS^^Sk-tSSSSS P-aP-viamin. and 

. issssrcss— - c,ha "° ,a " ,i,,e ■■' di ° ha " i, " mi " c 

The pVeS Son is illustrated by the fo>lo»in 8 Examples: 

Example No. 1. 

P«par.,ion of W^^"^^^,^**™*, 164 lbs. 
0( i^^^tZ'L^ » ^en, and SO ,bs. o f 3 7% 
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aqueous formaldehyde were charged with agitation to a 100 gallon glass lined reactor 
Over a period of 30 minutes, 53 lbs. of 66° Be' sulfuric acid were added while the 
temperature of the mixture was held below 35° C The mixture was then refluxed for 
2—1/2 hours, cooled to 50° C, and the solid portion was allowed to crystallize. The 
mother liquor was removed through a filter stick at 50° C. and the solid (3-methyI- 
5-t-butyl-4-hydroxybenzyl N,N-dimethyldithiocarbamate) was washed with two 50 
gallon portions of 50° C water. 

Methanol (97 lbs.) was then added to the solid and, after 5 minutes of agitation 
a solution of 60 lbs. of 60% sodium sulfide and 40 lbs. of water was charged to the 
reactor. The reaction mixture was heated to reflux for 30 minutes and then cooled 
to 30° C. The product was separated by filtration, washed first with a solution of 70 
lbs. of water and 30 lbs. of methanol and then with hot water, and dried. The yield 
of bis(3-methyI-4-hydroxy-5-t-butylbenzyl) sulfide was 181 lbs (94% yields 
m.pt. = 115.5° — 118° C. Ji 

Example No. 2. 
Preparation of bis(3,5~dimethyl-4-hydroxybenzyl) sulfide 

2,6-Di-t-buryIphenol (103 g., 0.5 mole), 37% aqueous formaldehyde (40.5 g., 
0.5 mole) 25% aqueous dimethylamine (90 g., 0.5 mole), carbon disulfide (40 g, 
0.52 mole) and 400 ml. of ethanol were mixed and heated under reffux for 1—1/2 
hours. The precipitate which formed was separated by filtration and washed with 
ethanol, yielding 152 g. (90% yield) of 3 3 5-di-t-butyl-4-hydroxybenzyl-N 5 N- 
dimethyldithiocarbamate. 

A portion of the intermediate thus obtained weighing 17 g. (0 05 mole) was 
added to a solution of 12 g. (0.05 mole) of Na 2 S.9H 2 0 in 10 ml. of water and 50 ml 
of methanol- The mixture was heated to reflux and a heavy slurry of a white 
precipitate formed. The slurry was cooled and diluted with 100 ml of water The 
product was then separated by filtration and dried, yielding 11.5 e f98% vieid^ of 
bis(3,5-di-t-butyi.4-hydroxybenzyl) sulfide, m.pt.= 141°-142° C 

Example No. 3. 
Preparation of bis(3>dimethyl-4-hydroxybenzyl) sulfide 

f VlT'Vi 244 k (2 ?° les) of 2 > 6 -*Y l ™° l > 1*2 g- (2 moles) of 37% aqueous 
forma dehyde 360 g (2 moles) of 25% aqueous dimethylamine and 160 « (2 1 
moles) of carbon disulfide in 400 ml. of methanol was stirred and refluxed for 2 

™uT^ e ^ tUfe ^° rmed 2 hyerS * nd > after C00lin S and sti ™S> *e lower layer 
crystallized The product was separated by filtration and dried, yielding 467 g (90% 
yield) of 3,5-dimethyl-4-hydroxybenzyi N,N.dimethyldithiocarbamate g * ( ' 

l P °n?°l?k ^1 f e ™ ed . iate Obtained (127 g., 0.5 mole) was dissolved in 
w«V?u n me <" b J heann 8 at 50 ° C. A solution of 66 g. (0.275 mole) of 
Na 2 S 9H 2 0 in 50 ml, of- water was then added and the mixture was refluxe? for 15 
minutes. The solution was then cooled and diluted with 350 ml. of water The white 
precipitate which formed was separated by filtration, washed with water and dried 

m^97O-9 9 o g C / 90% ^ ° f b *<^^^ 

Example No. 4. 

Preparation of bis(2-hydroxy-3-t-buty W-methylbenzyl)sulfide 
P^ffii^i£?^ N^hyldithioca^are was fi* ■ 

A solution of 328 g (2 moles) of 2-t-butyl-p-cresol, 178 g. (2 2 molest of 37°/ 
aqueous formaldehyde and 396 g. (2:2 moles) of 25% aqueous dimethSam ne n 900 

methyl phenol formed was 398 g. (90%)fmp 49_ 5 i ^"""^^^^"hylammo- 

carbon SSe^ wt rfiT T^,"* 8 * ^ ™ ,e > of 

heated at reflux for £> " ^The pS ^p2LSS^ f^Tnl* ^ 
this time. The solution was cooled and ^product prStmd hv H ? , T u g 
soluuon with water. It was filtered off and drfe y"SdE?| «5 " 1 of Th H 
3-t-butyl- -methylbenzyl N.N-dimethyldithiocarbamate, m c 1 g Z - b y d ™V 

N.N-dimethy.dithfocarbamatc. T^m^^ 
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diluted with water and cooled. The product was separated by filtration, washed and 
dried. The yield of bis(2-hydroxy-3-t-butyl-5-methylbenzyl) sulfide was 83 A. 

Example No. 5. 

Preparation of bis (2-hydroxy-3-(l,l,3,3-tetramethylbutyl)-5-methylbenzyl) 

S " A solution of 110 g. (0.5 mole) of 2-(14,3>tttramethylbu^l)-p-«sol, 100 g 
(1 25 Mole) of 37% aqueous formaldehyde and 112 g. (0.5 mole) of 25% aqueous 
dimethylamine in 350 ml. of methanol was heated at reflux for two hours. The solu- 
tion was then cooled in an ice bath and the white, crystalline product was separated 
by filtration and dried. The weight of the 2Kl,l,3 ) 3-tetramethylbut y l)-4- m ethyl-6- 10 
dimethylaminomethylphenol was 126 g. (91% yield), mpt. = 43°-48 C. 

A portion of the latter compound weighing 83 g. (0.3 mole) and 24 g. (0.3 mole) 
of carbon disulfide were combined with 100 ml. of ethylene glycol monoethyl ether 
and heated at reflux for seven hours. The solution was then cooled and poured into 
water The product separated as an oil and then crystallized. It was dried and recrystal- 13 
lized from hexane. The yield of 2-hydroxy-3-(l,13,3-^ 
benzyl N,N-dimethyldithiocarbamate was 44 g. (41% yield), m.pt. = 105 — 107 C. 

A solution of 35.3 g. (0.1 mole) of the latter compound and 12 g. (0.05 mole) 
of Na,S.9H,0 in 250 ml. of 80% aqueous ethanol was heated at reflux for ten 
minutes The hot solution was filtered and cooled. The precipitate which crystallized 20 
out was separated by filtration and washed with 80% aqueous ethanol. The yield of 
bis(2-hydroxy-3-(l J l,3,3-tetramethylbutyl)-5-methylbenzyl)sulfide was 21.5 g. (87 ,„ 

yield), m.pt. = 90°— 92° C. 

Example No. 6. 

Preparation of bis(2-hydroxy-3-(alpha,alpha-dimethyl-benzyl)-5-methylbenzyl> 25 

SUl6d A solution of 7.2 g. (0.02 mole) of 2-hydroxy-3-(alpha,aIpha-dimethylbenzyl>5- 
methylbenzvl N,N-dimethyldithiocarbamate (prepared in 47% yield from the reaction 
of 2-(alpha,alpha-dimethylbenzyl>4-methyl-6-dimethylaminomethyl phenol with 
carbon disulfide) and 2.4 g. (0.01 mole) of Na 2 S.9H,0 hv25 ml. of ethanol was 3 0 
heated at reflux for 30 minutes. The hot solution was filtered and cooled. Die 
precipitate which crystallized out was separated by filtration, washed with ethanol 
and dried. The yield of bis(2-hydroxy-3-(alpha,alpha.dimethylbenzyl)-5-methylbenzyl)- 
sulfide was 3.5 g. (70% yield), m.pt. = 113°— 114° C. 

Example No. 7. 35 
Using the procedure of Examples 2 and 3, the following compounds were also 

bS^dicyclohexyl^-hydroxybenzy^sulfide (76% yield, m.pt. = 128°-132° C); and 
bis(3,5-diisopropyl-4-hydroxybenzyl)sulfide (93% yield, m.pt. = 92° C). 

Example No. 8. 40 

^r^^ 2 X&iZl?^^Sl l—zolyl sulfide 

^Z^£r!^T^5 g., 3.5 moles) was suspended. in one liter of 

isoproptf affiol in a 3-liter, 3-neck flask equipped with a mechanical stirrer con- 45 

denser, thermometer and additional funnel To the suspension was added 2^ (3 6 

moles) of 37% aqueous formaldehyde and the mixture was warmed to 60-70 C 

for 30 minutes 2 t-Butyl-p-cresol (492 g., 3 moles) was then added followed by 100 

m! of JSSrated hydrochloric acid. The mixture was then refluxed for four hours 

w kh tSS the crystalline product beginning to precipitate out after one hour The 50 

mixture was cooled and the product was filtered off, washed with isopropyl alcohol 

r D d dried TSe yield of Z-hydroxy^-t-butyl-S-methylbenzyl 2-benzoth.azolyl sulfide 

was 744g (yield 72%) m.p. }<^ l «° £ of droxv _3. t . butyl - 5 . m ethylbenzyl 

Siehdy cloudy. On cooling, a solid precipitate formed. The mixture was diluted further 

methylbenzyl) sulfide was 68 g. W*M>]"%- rnl^i- */ U S fi6 «/ S 8 09 
% C, 74.6; % H, 8.87; % S, 8.28. Found: % C, 74.84, H, 8.66, /„ S.uy. 
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Example No, 9. 

Preparation of bis(2-hydroxy-3-(l,l,33-tetramethylbutyI-5-methylbenzyI)suIfide. 
The intermediate 2-hydroxy-3-(i,l J 3 ) 3-tetramethylbutyl)-5-methylbenzyl 2- 
benzothiazolyl sulfide was prepared in the following manner: 

A mixture of 1100 g. (5 moles) of 2-(l,l,3,3-tetramethylbutyl)-p-cresol, 162 g. 
(5 moles) of paraformaldehyde, 835 g. (5 moles) of 2-mercaptobenzothiazole, 10 g. 
of p-toluenesulfontc acid and 1500 ml. of benzene was placed in a 5-liter, 3-neck 
flask equipped with stirrer, thermometer, Stark and Dean trap and condenser. The 
mixture was heated to reflux (80° C.) for six hours, during which time the water of 
reaction was azeotroped out and collected. A total of 90 ml. of water was collected 
(quantitative). The benzene was then distilled off, the last part in vacuo. The solid 
residue weighed 2,017 g. (quantitative) and was recry stall ized from ethanoL The yield 
of recrystallized 2-hydroxy-3-(l ) l,3,3-tetramethylbutyl)-5-methylbenzyl 2-benzo- 
thiazoiyl sulfide was 1,660 g. (yield 83%), m.p. 101—103° C 

A solution of* 16 g. (0.04 mole) of the 2-hydroxy-3-(l,l,3,3-tetramethylbutyl)-5- 
methylbenzyl 2-benzothiazolyl sulfide and 4.8 g. (0.02 mole) of Na 2 S.9H 2 0 in 25 ml. 
of ethanol was heated on the steam bath for 30 minutes. The solution was" poured into 
water and the product was extracted with hexane. The hexane solution was evaporated 
to an oil which was crystallized from methanol to yield 7 g. (70%) of bis(2-hydroxy- 
3-(l,l,3,3-tetramethylbutyl)-5-methylbenzyl}sulficie, m.p. 92—93° C 

Example No. 10. 

Preparation of bis(2-hydroxy-3-(alpha,alpha-dimethylbenzyl)-5-methylbenzyl)- 
sulfide. 

The intermediate 2-hydroxy-3-(alpha,alphadimethylbenzyl)-5-methylbenzyl 2- 
benzothiazolyl sulfide was prepared in the following manner: 

A mixture of 226 g. (1 mole) of 2-(aIpha,alphadimcthylbcnzyl)-p-cresol, 33 g 
(1.1 mole) of paraformaldehyde, 167 g. (1 mole) of 2-mercaptobenzothiazoie, 2g. of 
p-toluene-sulfomc acid and 250 ml. of benzene was placed in a one-liter, 3-neck flask 
and reftuxed for four hours. The water of reaction (16 ml.) was azeotroped out as 
formed and collected in a Stark and Dean trap (theory = 18 ml:). The benzene solution 
was washed with dilute aqueous sodium hydroxide to remove unreacted 2-mercapto- 
benzothiazole and was then concentrated down to a liquid residue which was crystal- 
lized from benzene. The yield of 2-hydroxy-3-(alpha,alphadimethylben2yl)-5-methyl- 
benzyl 2-benzothiazolyl sulfide was 101.5 g. (yield 33%), m.p. 141—143° C 

A solution of 81 ; 2 g. (0.2 mole) of 2-hydroxy-3-(alpha,alpha-dimethylbenzyl)- 
5-methylbenzyI benzothiazolyl sulfide and 24 g. (0.1 mole) of Na.S.9H*0 in 250 ml 
of ethanol was heated on the steam bath for 1—1/2 hours. The 'solution was cooled 
and the crystalline product was filtered off, washed with ethanol and dried The yield 

?*no/\ S ^ was 40.5 g. 

(oU/ 0 ), m.p. 114 — 115° C. b 

Example No. 11. 
Preparation of l 5 2-bis(2-hydroxy-3-t-butyl-5-raethylbenzylthio)-ethane 

solution of 7 g. (0.11 mole) of potassium hydroxide (85% active) in 20 ml of 

SStTy H^ d t0 r°L Uti °f <° f A '\ :^° 5 m0le > of U-elhanedithiol in 100 ml o 
ethanol. 2-Hydro X y-3-t.butyl-5-methylbenzyl 2-benzothiazolyl sulfide (34.3 » 0 1 
mole) was then added and the mixture was heated to near reflux for 15 minutes The 
solunon was then cooled and the crystalline product which precipitated was filtered 
off, washed with cold ethanol and dried. The yield of 1 2-bis/2-hvdroyv Tt k„!I i T 
methylbenzylthio)ethane was 19 g. (85%), m.pt 95-96° I ^ bl ^ 2 - h y drox y- 3 - t - but yI-5. 

Analysis: Calc'd. — % $=,14.35. 

Found — % S = 14.39, 14.53 5U 

Example No. 12. 

xylene'" 211011 ° f ^P^^'^^-^^-y^-t-butyl-i-methylbenzylthioVp- 



A solution of 6.6 g. (0.1 mole) of potassium hydroxide (85°/ active^ in in m . 
of water was added to 50 ml. of ethylene "Ivcol dim/rhvi *rhL /o — I 10 mI - 
mole) of alphn^lpha'-dimercapto-pSene 5 ^ 2 .hX^ ^^T"' 0 ^ g ' ( ° ° 5 
benzothiazolyl sulfide 04.3 e 0 1 moleWns h,n S ? 5 ; methylte y' 2 " 
at reflux fb/one houn The ^oIutL'S S £r ^S^£T a T ^ 
product was extracted with ether. The ether extract wa Twf,h,H ^° ,y ° rean,c 
evaporated down to a liquid residue which crySec Twt ™ 2SJ 7(9™% 
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a! P ha,aIph a ^bis(2-hydroxy-3-t-b U ty!-5-methylbenzykhio)-p-xylene was P^ned by 
recrystallization from ethanol giving 19 g. (73%) of white crystals, m.p. 109-111° C. 

Analysis: Calc'd. — % S= 12.27. 

Found — % S= 12.34, 12.17. 

Example No. 13. 

Preparation of beta,beta'-bis(2-hydroxy-3-(l,l,3,3-tetramethylbutyl)-5-methyI- 

benzylthio)diethyl ether. . .... ,eco/ ^ • m ~i n ( 

A solution of 7 g. (0.11 mole) of potassium hydroxide (85% active) in 10 ml of 
water was added to 50 ml. of ethanol contaming 7 g. (0 05 mole) of beta,beta - 
dimercaptodicthvl ether. This solution was then added to 200 ml of hot ethanol con- 
taining 40 g. (0.1 mole) of ^hydroxy^^ni^^-tetramethylbutyO-S-methylbenzyl 2- 
benzothiazolyl sulfide, the solution was heated on a steam bath for 10 minutes and 
then cooled The product crystallized out and was filtered off, washed with ethanol 
and dried, m.p. 99—101° C, wt. 24.8 g. (82%). 



Analysis : 



Calc'd. — % S = 10.62. 
Found — % S = 10.47, 10.63. 



Example No. 14. 

Preparation of alpha,alpha'-bis(2-hydroxy-3-(alpha,alpha-dimethylbenzyl)-5- 
m ethylbenzylthio)-P m Xjlene o . ^^.j^,^^^^^.^^^ 

2-benzothifzolyl sulfide was reacted with 15 g. (0.22 mole) of 85% KOH (in 20 ml 
of water) and 17.2 g. (0.1 mole) of alpha,alpha'-dimercapto-p-xylene in 100 m . of 
ethylene glycol dimethyl ether. The product, isolated in 77% yield, had a melting 
point of 120-121° C. 

Example No. 15. 

Use of a dithiocarbamylmethyl substituted phenol intermediate. Preparation of 
beta,beta'-bis(2-hvdroxy-3-(l,l,3,3-tetramet^ ether. 

A mixture of 35.3 g. (0.1 mole) of 2-hydroxy-3-(l,l,3,3-tetramethylbutyl)-5- 
methvlbenzyl N,N-dimethyl-dithiocarbamate, 6.9 g. (0.05 mole) beta,beta'-dimercapto- 
dShy lether, 17.5 ml. (0.1 mole) 6N. NaOH and 60 ml. of ethylene glycol dimethyl 
ether was heated under reflux for 10 minutes. The solution was then poured mto 200 
ml of cold water. The product separated as an oil which gradually became crystalline 
The precipitate was filtered off, washed with water and dried, wt. = 25 g. (83 / 0 ), 
m .p t . 98—100° C. after recrystallization from hexane. 

Example No. 16. 

Preparation of beta,beta'-bis(2-hydroxy-3-t-butyI-5-methylbenzylthio)diethyl 

CthCr X mixture of 34.3 g. (0.1 mole) of 2-hydroxy-3-t-butyl-5-methylbenzyl 2-benzo- 
thiazolvl sulfide, 6.9 g. (0.05 mole) of beta,beta'-dimercaptodiethyl ether and 150 ml. 
of ethano was placed in a 500 ml. 3-neck flask fitted. with a stirrer, thermometer and 
condenser A solution of 4.4 g. (0.11 mole) of sodium hydroxide m 20 ml. of water 
wTs ten add£ l and the m ixfure was heated to reflux for 60 minutes. The solution 
was S poured into 500 ml. of water and the organic product which separated was 
r^raSed S hexane-ether. The extract was washed ^™>4^J"*L«ffi 
potassium carbonate and evaporated to an oil which crystallized. The beta,beta -bis- 
f2-hYdroxv-3-t-butyl-5-methylbenzylthio)diethyl ether obtained weighed 24.5 g. 
(quantitative), m.p. 62—64° C. after recrystallization from hexane. 

Example No. 17. ..... v 

Preparation of beta ) beta^bis(2-hydroxy-3Mionyl-5-methylbei«ylthio)d,e^ ether. 
A mixture of 93.6 g. (0.4 mole) of 2-nonyl-p-cresol, 13 g. 0.4 mole) of para- 
formaldehyde, 27.6 g. (0.2 mole) of beta.beta'-dimercaptodiethyl ether, 1 g of p- 
SKfSnic acid § and 100 ml. of benzene was placed in a 500 ml. 3-neck flask 
fitted with a thermometer, stirrer and Stark and Dean trap with condenser The 
s SonTas then heated to reflux and the water formed in the reaction (7 ml.) was 
coEcdTthe Stark and Dean trap. The reaction was complete in about two hours. 
The TbTnzene solution was then diluted with hexane, washed with aqueous sodium 
Snrbonate 'nd water, and dried with anhydrous potassium carbonate. The solution 
was Aen ev porated down on a steam bath. The beta,beta'-b, S (2-hydroxy-3-nonyl-5- 
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methylbenzylthi 0 )-diethyl ether was obtained as a viscous liquid weighing 123 g. 

Example No. 18. 

Preparation of P,p'-bis(2-hydroxy-3-t-butyI-5-rnethyl-benzylthio)diphenyl ether 

of dK'STSSwW ether A U l f" °/° 5 «**) was dissolved in a* solutkm 
of 6.6 g. (0.1 mole) of 85% potassium hydroxide in 20 ml. of 50% aqueous cthanol 
Th s was then added to a mixture of 32.2 g. (0.094 mole) of 2-hydroxy-°-t%uwr.5- 
me Jylbenzyl 2-benzoth.azoIylsulfide in 500 ml. of ethanol and the Llution wa h?ated 
« reflux for 30 mmutes. The solution was then cooled and diluted with 100 ml of 

The precipitate which separated was filtered off and dried The d d'-HiV? 

K^t^ 5 ?^ 1 ^* 0 * diphenyI Cther 0btained wefghed 24 5^(907 )' 
m.p. 158—160° C. after recrystallization from ethanol. 6 ^ /oh 

Example No. 19. 

Preparation of beta(2-hydroxy-3-t-butyl-5-methylbenzylthio)ethyl-4-(2-hydroxv- 
3-t-butyl-5-methylbenzylthio) cyclohexane. k "yuroxy- 

thiazirSde Vl't fa? 2 ?f } ? 2 - h y drox y-3-t-butyl-5-methylben Z yl 2-benzo- 
uuazolyl sulfide 17 6 g. (0.1 mole) of beta-mercaptoethyl-4-mercaptocyclohexane 13 2 
g (0.2 mole) o 85% potassium hydroxide in 20 ml. of water and 200 ml of ethylene 

mn 0 ! ?h thy | et ?r, WaS ^u ated 3t refluX for one hour " Some of Solvent (150 
SLi J 6 " S k k u d 0Ut " The m0ther Iic > uor was P oured ice water The viscous 
liquid product which separated was extracted with hexane, washed with wat™d 
dned with anhyd. potassium carbonate. The hexane solution was then evaooraKd 
down and the product was obtained as a viscous liquid evaporated 



Formula : 



Analysis: Calc'd. — % S = 12.10 
Found — % S = 11.94 



OH 



( C ^3 C f^-C^S-CH^-C^ 2 ^y^^Js.^ 





„ . Example No. 20. 

sulfide^ 00 " ° f beCa ' beta '- bis ( 2 ^^ 

was ^w^ (34.3 g., 0.1 mole) 

(0.11 mole) of ^SS^ilo^iS'Sr^ "? 44 g " 

same way as described above for dimercan todtZ Tli V ° f ethano1 in *** 

was obtained as a viscous liquid £ ^ 85% yield " 7 ^ (CXample 16 >" The P rod "« 

t> ^ • , Example No. 21 

mole) of 85% potassium hydro" d™n 10 mf - dimerca P tobl Phenyl and I A g. (0.02 
added 6.9 g . £.02 mole/o 2 -hydrUy. t h LlT ^n. 30 ^ of «hanol was 
sulfide. The mixture was heated mS^^b^^f^ 2 -ben 2 othia 20 Iyl 
into water and the product extracted ' w^L e ^° hours - Ir was poured 
the product as a solid residue" mp 145 H« ( ? Va P orat,on of extract gave 

e, m.p. 145-147= C. after recrystallization from hexane. 

-ru- , Example No 22 

This example demonstrates the useful^' nf\h 
as annoxidants for rubber. Films pr^d 0 m ° f this inve ™°n 

? ate * ^omaming two parts of the i antiSSdam ne, iS 0,dien « , y** carboxylated 
«n a 270o F. oven and observed for sign ISJEi £S ^ ° f nd * er WCre P ,aced 
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Antioxidant Time to Resinify, Hours 



(1) 


None 


10 


(2) 


2-t-butyl-4-metnyl-o- ^oexa 
hydroxyethyithiomethyO-phenol 


44 


(3) 


2-octyl-4-methyl-6-(beta- 
hvHroYv-ethvlthioniethyn phenol 


72 


(4) 


beta, beta '-bis (2-hydroxy-3-t- 
butyl-5-methylbenzylthio)- 
diethyl ether 


587 


(5) 


beta, beta'-bis (2-hydroxy-3- 
ottyl-5-methylbenzylthio)- 
diethyi ether 


683 



Example No. 23. , . • • • 

This example demonstrates the usefulness of the compounds of this invention as 
antioxidants for polyurethane foams. The compounds are effective : .n preventing the 
dSobration of the foam due to heat or light as demonstrated ,n the following tests. 

sL H o7a polylster based polyurethane foam containing 2 pjm- of 
per 100 parts of foam were placed in a circulating a,r oven at 290° F. for 17 hours. 
P?.,;tahle foam mav be prepared, for example m accordance with R. J. 1-erran et ai., 
(Suitable loam .nay ^ K T ^ j ^ ingre d ie nts except toluene 

Ind. Eng. Chem^, 50 ^J l ^o^letd for 90 seconds in a wax container. The 
dnsocyanate, may f 1 ^* S | 0 seconds . Th e toluene diisocyanate may then 

^"^d'the 3 Kl.^S^.t high speed for 20 second. The mixture ^may 
„!! h into a metal mould and allowed to blow. It may then be cured at 100° C 
be poured into a _metai mourn dissolved or dispersed in a portion 

^li^^T^XlS £rf£n removed and the color of the samples 



observed. 



Antioxidant ColourRating 



cream 



(1) None 

(2) beta.beta'-bis(2-hydroxy-3-nonyl- 

W 5-methylbenzylthio) diethyl ether light cream 

<V\ beta beta'-bis (2-hydroxy-3-t- 

( } Emy l 5-methylben^ylthio) diethyl ether off white 
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Colour 


Rating 


Antioxidant 


Initial 


3 weeks 


6 weeks 


(1) None 


white 


Lt. yellow 


yellow 


(2) beta,beta'-bis 

(2-hydroxy-3-nonyl- 
5-methylbenzylthio) 
diethyl ether 


off white 


cream 


Lt. yellow 


(3) beta,beta'~bis(2- 
hydroxy-3-t-butyl- 
5-methylbenzylthio) 
diethyl ether 


white 


off white 


Lt. cream 



Example No. 24. 
Preparation of l > 2-bis-(3,5-di-t-butyl-4-hydroxyben2ylthio)ethane. 
A solution of 95 g. (0.28 mole) of 3,5-di-t-butyl-4-hydroxybenzyl N,N-dimethyl- 
5 dithiocarbamatc, 13 g. (0.14 mole) of 1,2-ethanedithiol and 47 ml. (0.28 mole) of 6 N. 5 

NaOH in 400 ml. of ethanol was stirred and heated under reflux for ten minutes. A 
precipitate formed and the solution was cooled and filtered. The product was washed 
with ethanol and dried yielding 67 g. (90%) of l,2-bis(3 J 5-di-t-butyl-4-hydroxybenzyl- 
thio)ethane, m.pt. 142—143° C. 

in Analysis: CalcU — % S = 12.05. 10 

Found — % S = 12.36, 12.25. 

Example- No. 25. 

Preparation of alpha,alpha' - bis(3 - methyl - 4 - hydroxy - 5 - t - butylbenzyl- 
thio)~p-xylene. 

15 A solution of 17 g. (0.1 mole) of alpha,alpha'-dimercapto-p-xylene, 15 g. (0.22 15 

mole) of potassium hydroxide (85% active) and 20 ml. of water in 300 ml. of methanol 
was placed in a 500 ml. Erlenmeyer flask. To this solution was added 59.4 g. (0.2 
mole) of 3-methyl-4-hydroxy-5-t-butyl-benzyl N,N-dimethyldithiocarbamate and the 
mixture was heated on the steam bath for about one hour. The mixture was then 

20 cooled and the precipitate was filtered off, washed with methanol and dried yielding 20 
46 g. (88%) of alpha,alpha '-bi s(3-me thy l-4-hydroxy-5- t-butyibenzyl thio)-p-xylene, 
m .pt. 141—142° C. 

Analysis: Calc'd. — % S = 12.27. 

Found — % S = 12.40, 11.74. 

25 Example No. 26. 25 

Preparation of l,4-bis(3-methyl-4-hydroxy-5-t-butyl-ben2ylthio) butane. 
3 - Methyl - 4 - hydroxy - 5 - t - butylbenzyl N,N - dimethyldithiocarbamate 
(45 g., 0.15 mole), 9.1 g. (0.075 mole) of 1,4-dimercaptobutane, 25 ml. (0.15 mole) 
of 6 N. sodium hydroxide and 50 ml. of ethylene glycol dimethyl ether were mixed 
30 and heated under reflux for ten minutes. The clear solution was then cooled and 
poured into cold water. The product separated as an oil and shortly solidified. The 
yield of white crystals was 35 g. (98%>), m.pt. 96—98° C. after recrystallization from 
hexane. 

Analysis: CalcU — % S = 13.50. 
35 Found — % S= 13.60, 13.76. 



Example No. 27. 

Preparation of beta,beta' , -bis(3 ) 5-di-t-butyl-4-hydroxy-ben2ylthio)diethyl ether, 
3,5-Di-t-butyl-4-hydroxybenzyl N,N-dimethyidithiocarbamate (34 g., 0.1 moie), 
beta,beta'-dimercaptodiethyl ether (6.9 g., 0.05 mole), 6 N. sodium hydroxide (17.5 
40 ml., 0.1 mole) and ethylene glycol dimethyl ether (40 ml.) were mixed and heated 
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under reflux for 10 minutes. A clear solution formed and was cooled and poured into 
200 ml of ice water. The product oiled out and then solidified. It was filtered off and 
washTd with 50% aqueous" ethanol. The yield of the white solid product was 29 g. 
(100%). A portion recrystallized from hexane had m.pt. = 8V— <~. 

Analysis: Calc'd. — % S = 11.15. 

Found — % S = 11-08, 11.29. 

Example No. 28. 

Preparation of 4,4'-bi5(3,5-di-t-butyl-4-hydroxybenzylthio)diphenyl ether. 

Thirty-four grams (0.1 mole) of 3 > 5-di-t-butyl-4-hydroxyben2yl N } N-dirnethyl- 
dithiocarbamate, 11.7 g. (0.05 mole) 4,4'-dimcrcaptodiphenyl ether, 17 ml. (0.1 1 mole) 
6 N sodium hydroxide solution and 100 ml. of ethanol were mixed and refluxed for 
15 minutes. During reaction a precipitate formed. The mixture was cooled and the 
Product was filtered off, washed with ethanol-water (2:1) and dried Ihe yield of 
4.4'-bis(3,5-di-t-butyl-4-hydroxybenzylthio)diphenyl ether was 26 g. (8U M, 
m .p t . = 126—128° C. after recrystallization from benzene. 

Example No. 29. 
Preparation of 3 J 4-bis(3,5-di-t-butyl-4-hydro X ybenzylthio) .toluene 
To a solution of 6.5 g. (0.042 mole) of toluene-3,4-dithiol and 7 g (0.1 mole) 
of 85% potassium hydroxide in 10 ml. of water and 100 ml. of ethanol was added 
23 2 e (0084 mole) of 3,5-di-t-butyl-4-hydroxybenzyl N 5 N-dimethyldithiocarbamate 
The so'ution was heated at reflux for 15 minutes. It was then poured into water and 
the organic product was extracted with hexane-ether. The extract was dried with 
anhydrous potassium carbonate and evaporated on the steam bath. The yield of 3,4- 
bis(3,5-di-t-butyl-4-hydroxybenzylthio)toluene was 24 g. (96 /„), m.pt. 114—11/ le- 
afier recrystallization from hexane. 

Example No. 30. 

Preparation of alpha,alpha^bis(3,5-di-t-butyl-4-hydroxybenzyIthio)-p-xylene. 
A solution of 8.5 g. (0.05 mole) of alpha,alpha'-dimercapto-p-xylene and 8 g (0.1 
mole 1 ! of 50% sodium hydroxide in 50 ml. of ethanol was added to a slurry of 33.9 
e (01 mole) of 3,5-di-t-butyl-4-hydroxybenzyl N,N-dimethyldithiocarbamate m 200 
ml of hot ethanol. The mixture was heated at reflux for 15 minutes. It was then 
cooled and the crystalline product was filtered off, washed with ethanol and dried. 
The yield of alpha,alpha'-bis(3,5-di-t-butyl-4-hydroxybenzylthio)-p-xylene was 28 g. 
(93%), m.pt. 181-183° C. 
v ' ' Example No. 31. 

Preparation of beta,teta'-bis(3,5-di-t-butyl-4-hydro X ybenzylthio)diethyl sulfide. 
A solution of 34 g. (0.1 mole) of 3,5-di-t-butyl-4-hydroxybenzyl N,N-dimethyl- 
dirhiocarbamate 7.7 g. (0.05 mole) of beta,beta'-dimercaptodiethyl sulfide and 17.5 
t ( n mSe of 6 N. sodium hydroxide in 40 ml. of ethylene glycol dimethyl etuer 
was heated at reflux for ten minutes. The solution was cooled and poured into 200 ml 
of ice water The product separated as an oil and was extracted with 100 ml. of 
benzene The benzene extract was washed with water and the benzene was evaporated 
off on the steam bath. The residual oil was dried further in a vacuum oven at 80 C. 
to give the product as a viscous oil. The yield of beta,beta'-bis(3,5-d.-t-butyl-4- 
hydroxybenzylthio)dicthyl sulfide was 29.5 g. (99%). 

Analysis: Calc'd. - % S = 16.3 
Found — % S = 16.9 

Example No. 32. 
Preparation of p , P '-bis(3,5-di-t-butyl-4-hydroxy-benzylthio)biphenyL 
To a solution of 2.2 g. (0.01 mole) of p p'-d.mercaptobiphenyl and 16 g. (0.02 
mole^ of 50% sodium hydroxide in 50 ml. of ethanol was added 6.8 g. (0.02 mole) 
r3 5-di-tbutyM-hydroxybenzyl N.N-dimethyldithiocarbamate. The solution wa 
heated at reflux for 30 minutes It was then cooled and the precipitated product was 
Slashed with ethanol and ^.^y^^^-^'^ 
hydroxybenzylthio) biphenyl was 3.7 g. (56%), m.p. 200—205 C. 

Example No. 33. 

Preparation of beta,beta'-bis(3-methyl-4-h y droxy-5-t-butylbenzylthio)d 1 eth y l 
ether. 



16 



1,042,639 



A solution of 297 g. (1 mole) of 3-methyl-4-hydroxy-5-t-butylbenzyl N,N- 
dimethyldithiocarbamate, 69 g. (0.5 mole) of betajbeta'-dimcrcaptodiethyl ether and 
170 ml. (1 mole) of 6 N. sodium hydroxide in 360 ml. of ethylene glycol dimethyl 
ether was heated at reflux for 10 minutes. The solution was cooled and diluted with 
5 500 ml. of water. The oil which separated was extracted with a mixture of 500 ml. of 5 

hexane and 100 ml. of benzene. The extract was washed with water, dried with 
anhydrous sodium sulfate, and evaporated on the steam bath to the product, a viscous 
oil. The yield of beta,beta'-bis(3-methyl-4-hydroxy-5-t-butylbenzylthio)diethyl ether 
was 244 g. (quantitative). 

10 Example No. 34. 10 

This example demonstrates the usefulness of the compounds of this invention 
as antioxidants for rubber. Films prepared from a butadiene-styrene carboxylated 
latex and containing two pans of the antioxidant per 100 parts of rubber were placed 
in a 270° F. oven and observed for signs of resinification. 

Antioxidant Time to Resinify, hours 



(1) none 10 

(2) 2-methyl-4-(benzylthio- 
methyl)-6-t-butylphenol 44 

(3) 2,6~di-t-butyl-4-(beta- 
hydroxyethylthiomethyl)-phenol 44 

15 15 

(4) beta,beta '-bis (3,5-di-t-butyl-4- 
hydroxybenzylthioj-diethyl ether 995 

(5) alpha, alpha '-bis (3-methyl- 
4-hydroxy~5-t-butyl benzyl - 

thio)-p-xylene 995 



Example No. 35. 

This example demonstrates the usefulness of the compounds of the invention as 
stabilizers in polypropylene. In the method used to evaluate the compounds of this 
invention, 90 mil thick films of the polymer containing 0.3% of the antioxidant and 
20 0.3% of dilauryl thiodipropionate were aged in a circulating air oven maintained at 20 
300° F. The degradation of the polymer sample is readily evident in crazing on the 
surface or discoloration and crumbling of the edges, the first sign of which is con- 
sidered to be the break point. Polypropylene containing 0.3% of dilauryl thiodi- 
propionate alone degraded in 12 days. 



25 Antioxidant Days to degrade 

(1) l,2-bis(3,5-di-t-buryl-4- ~~ 
hydroxybenzyithio)ethane 5 3 

(2) beta,beta'-bis(3,5-di-t-butyl-4- 
hydroxybenzylthio)diethyi ether 56 

30 (3) alpha,alpha'-bis((3-methyl-4- 

hydroxy-5-t-butyibenzylthio)-p-xylene 62 
(4) aJpha-aipha'-bis(3,5-di-t-butyl-4- 

hydroxybenzylthio)-p-xylene 67 
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Example No. 36. 

A natural rubber composition was prepared in accordance with the following 
recipe : 

Masterbatch No. 1 

Pale Crepe 98.65 

Zinc Oxide (XX72) 10.00 

Lithopone 60.00 

Finely divided CaC0 3 (whiting) 60.00 

Zinc laurate (Laurex (Trade Mark)) 0.50 

Sulfur 3 -°0 

Masterbatch No. 2 1-50 

233.65 

Masterbatch No. 2 
Pale Crepe 90.0 
Tetramethylthiuram monosulfide 
(Monex (Trade Mark)) 10.0 

100.0 

The antioxidants (1 pan) were then milled into 233.65 parts of masterbatch No. 
1 and samples were cured at 274° F. for 30 minutes. Tensile bars were aged in an 
oxygen bomb for 96 hours at 70° C The percent retention of tensile strength after 
aging demonstrates the activity of the compounds as rubber antioxidants. 

Compound % Tensile Retained 



Blank 



0 



beta>beta '-bis (3-methyl-4-hydroxy-5- 
t-butyl-benzylthio)-diethyl ether 43 

beta, beta '-bis(3,5-di-t-butyl-4- 

hydroxybenzyithio)diethyl sulfide W 



Example No. 37. 

This example demonstrates the usefulness of the compounds of the invention « 
f-t a nrin*iSnts usine the Schaal oven aging test. Prime steam pork fat, 150 g., was 
SdffSd^? £ chemical mixed In. A peroxide number by the poamim 

l^^u^™ then taken as the zero reading The samples were placed 
n a 60° C oven and readings were taken after 3 days and then at one or two week 
intervals. A peroxide number of 30 is considered to be failure. 



Blank 



Compound Days to Failure 

7 



beta, beta '-bis (3>di-t-butyl-4- 
hydroxybenzylthio) diethyl ether 



48—63 



beta, beta '-bis (3-methyt-4-riydroxy-5-t- 
butylbenzylthio) diethyl ether 



alpha, alpha'-bis (3-methyM-hydroxy-5- 
t-butylbenzylthio)-p-xylene 



63 
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Example No. 38. 
Preparation of 2,6-di-t-butyl-4-(beta-hydroxyethylthiomethyI)phcnol 
A mixture of 33.9 g. (0.1 mole) of 3,5-di-t-butyl-4-hydroxybenzyl N,N-dimethvl- 
dithiocarbamaie, 7 g. (0.1 mole) of 85% KOH (in 10 ml. of water) and 8 g. (0 1 mole) 
of bera-mercaptoethanol (RSH where R is HOCH^H,-) in 100 ml. of ethanol was 
heated on the steam bath at reflux temperature until solution was complete (about ten 
minutes). The solution was then allowed to stand and cool for 30 minutes It was 
then poured into 300 ml of water and the product which separated was extracted with 
hexane-ether, dried with anhyd. K 3 CO, and evaporated to a liquid residue which 



Formula : 



Analysis: Calc'd. — % S, 10.80 
Found — % S, 10.48 



OH 



Example No. 39. 
Preparation of 2-Methyl-4-(p-t-butylphenylthiomethyl)-6-t-burylphenoI 
j . A mixture of 29.7 g. (0.1 mole) of 3-methyl-4-hydroxy-5-t-butylbenzvl N N- 
drmethylditluocarbamate, 7 g. (01 mole) of 85% KOH (in 10 ml. of water) and 16 6 
g. (0.1 mole) of p-t-butylphenol in 100 ml. of ethanol was heated to near reflux for 
10 minutes. The solution was then allowed to cool. It was poured into water and the 
product was extracted with hexane-ether. The extract was dried with a^yd K°CO 

™oV? m / d t0 a hquid P roduCT which crystallized, wt.^33 e (97°/) mn 
88— 89° C. after recrystallization from hexane. g ' { /o) ' m-p - 

Formula : 




C(CH 3 ) 3 



O- 



C(CH 3 ) 3 



. Example No. 40. 

crystallized. The yield of 2-t-buSTmethvl , , L^, ? S,due which 

6 g- (88%), m .p. y 49 _50o C. S i^^t^ , !S2^ y ^ ™ 

2,6-d!mih^S™^ -y be prepared: 

2,6-dusopropyl-4-(dt)decylthiomethyl)phenol 
2,6-di-t-butyl-4-(cyclohexylthiomethyl)phenol 

2-methy-4-(beta-hydroxyethyltWomethyl^ n , , 

^ et Vi- { ^ clohex ^ 

2-mcthyl-4-(ethylthiomethyl)-6-cyclohcxylphenoI 
2,6-dicyclohexyl-4-(phenylthiomethyl)phenol 
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2,6-di-t-butyl-4-(benzylthiomethyl)phenol 
2lmethyl-4-(benzylthiomethyl)-6-(aIpha-mcthylbenzyl)phcnol 

2,4-dimethyl-6-(methylthiomethyl)phenol 

2,4-dimethyl-6-(dodecylthiomethyl)phenol 5 
5 2,4-di-t-butyl-6-(cyclohexylthiomethyl)phenol 

2-rdodecvlthiomcthyl)-4-methyl-6-(alpha-methylbenzyl)phenol 

I bm^Soxyethyhhiometh^ 

2-(cyclohexylthiomethyl)-4-methyl-6-(alpha > alpha-dimethylbenzyl)phenol 
2-(phenylthiomethyl)-4,6-di-(alpha-methylbenzy!)phenol 
10 2-(ethylthiomethyl)-4-methyl-6-cyclohexylphenol 
2,4-di-t-butyI-6-(benzylthiomethyl)phenol 

Example No. 41. 
Preparation of 2-t-butyl-4-meth y l-6-(r^t-butyl- P henylthiomethyl)phe^ 
To a solution of 16.6 g. (0.1 mole) of : P-t-butylthiophenol and 8 g. (0. Imofc) of 
it soy sodium hydroxide in 100 ml. of ethanol was added 34.3 g. (0.1 mole) of 2- 15 
hydroxy^ t ™butyl-5-methylbenzyl 2-benzothiazolyl sulfide The soluuon was heated 
TZL for 30 minutes It was then poured into 300 ml of water and the organic 
p odua was extraaed with ether. The ether extract was washed with water dried over 
aXd Na,SO„ and evaporated down to a liquid residue which slowly crystallized. 
20 The : yield" of 2-t-butyl-4-methyl-6-(p-t-butylphenylthiomethyl)phenol was 31.6 g. 
(93%), m.p. 49—50° C. after recrystallization from hexane. 



25 



30 



35 



Analysis: Calc'd: — % C, 77.2; 

% H, 8.85; 

% S, 9.38. 

Found: — % C, 77.0; 

% H, 8.97; 

% S, 9.35. 

Example No. 42. 



HXAMPLt 1NU. ti. 

Prcoaration of 2-t-butyl-4-methyl-6-(betahydroxyethylthiomethyl)phenol 
ToH Sure of 686 g^ moles) of M*^ 3 " 1 ^ ^ 
thiazolvl sulfide and 156 g. (2 moles) of beta-mercaptoethanol in 700 ml. of ethanol 
tfadld 160 g (2 molls) of 50% sodium hydroxide. The solution was heated at 
Tefluf for one hour and was then poured into 4 liters of cold water. The organic 
pro^tf ^ was extracted with hexane-ether, washed with water, and dried over anhydrous 
Em sdfate The solvent was then removed by evaporation on the steam bath, leav- 
ing TSiid residue. The yield of 2-t-butyl-4-methyl-6-(beta-h y droxy-ethylthiomethyl)- 
phenol obtained was 502 g. (99%). 



Formula : 



OH 



Example No. 43. 



20 



25 



30 



35 



Example no. 45. w 
40 Preparation of 2-(alpha,alpha-dimethyIbenzyl>4-methyI-6-(benzylthiomethyl> 

phen ^ i .• „(o. m05 mole) of benzyl mercaptan and 4 g. (0.05 mole) of 
To a solution of 6 .2 g. g- 0 ^. """J*^^ J as adde d 20.2 g. (0.05 mole) of 2- 
50% sodium hydroxide m 50 ' ^ f 2-benzothiazolyl sulfide. The 45 

45 hydroxy-3-(alpha,alpha-d I methylbenzyl) 5 metny oe y j ^ ^ 

solution was heated at reflux minute^. I * w?ZFZSt*d with water> drie d 

product was extracted with hexane «w ^ ^ 

%L$£g£^ WaS iS0Uted - 4 VISC ° US 50 



50 oil, wt. = 15 g. (84%). 



20 
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Formula : 



CH 3 OH 



\ — / I 



CH 3 



In a similar manner, the following chemicals, for example, may be prepared * 
2,4 - dimethyl - 6 - (methylthiomethyl Jphenofe 2,4 - dimethyl - 6 - (dodecylthio- 
5 methyl)phenol, 2,4 - di - t - butyl - 6 - (cyclohexylthiomethy])phenol, 2 - (dodecyl- 
thiomethyl) - 4 - methyl - 6 - (alpha - methylbenzyl)pheonl, 2 - (beta - hydroxy- 
ethylthiomethyl) - 4 - methyl - 6 - (alpha,alpha - dimethylbenzyI)phenol, 2 - (cyclo- 
hexylthiomethyl) - 4 - methyl - 6 - (alpha,alpha - dimethylbenzyl)phenol, 2 - (phenyl- 
thiomethyl) - 4,6 - di - (alpha - methylbenzyl^phenol, 2 - (ethylthiomcthyl) - 4- 
10 met hyl - 6 - cyclohexylphenol, 2,4 - di - t - butyl - 6 . (benzylthiomethy])phenol, 

2,4 - dicyclohexyi - 6 - (p - nonylphenylthiomethyl)phenol, 2 - dodecyl - 4 - methyl- 
6 - (benzylthiomethyl)phenol, and 2 - methyl - 4 - cyclooctyl - 6 - (octadecvlthio- 
methyl)phenol. 

Example No. 44. 

15 The preparation of 2-t-butyl-4-mcthyl-6-(bctahydroxy-ethoxymcthy]) phenol 

2-Hydroxy-3-t-butyl-5-methylbenzyl 2-benzothiazolyl sulfide (32.2 g 0 098 
mole) was suspended in 200 ml. of ethylene glycol (in this case the ethylene glycol is 
both the R"OH reactant described above and the solvent carrier for the reaction) and 

a ^ n 2L 0f 6 - 6 g ' ((U moIe) of 85 % P° tassium hydroxide in 10 ml. of water was 
20 added The mixture was stirred and heated at 70— 80° C for four hours. Solution 
was almost complete. The mixture was filtered and the filtrate was diluted with water 
Cloudiness was followed by separation of an oil which then crystallized The product 
was extracted with hcxane and the hexane extract was evaporated to an oil which 

25 U?mi\ m n ^7 ^o^^ M ^ was 

25 1/ g. (78 A) s m.p. 52—54° C. after recrystalJization from hexane. 

Analysis: Calc'd — % C, 707; % H, 9 3 
Found — % C, 70.2; % H, 9.5. 

Example No. 45. 
The preparation of 2-t-butyl-4-methyl.6-(methoxymethyl) phenol 

heated on the steam bather is minutes. Tht Lt^"^ Z 

In a similar manner, the following representative chemicals may be prepared- 
2,4-dimethyl-6-methoxymethyl phenol P« P area. 
2-methyI-4-t-butyl-6-methoxymethyl phenol 
w 2-ocryl-4-methyl-6-ethoxymethy] phenol 

2-^,alpha-dirnethylbenzyl>4-methyl-6-ethox y methyl phenol 

2-cyclohexyl-4-methyl-6-ethoxymethvl phenol P 

2-r-buty-4-methyI-6-isopropoxymethvl phenol 
4 5 2-t-buty -4-methyl-6-butoxymethyl phenol 

2-t-bury -4.methyl-6-cyclohexyloxymethyl phenol 

2-t-buty-4-methyl-6-benzyIoxymethvI phenol 

?TSv^" m f t t y, "^" dodec y lox y me, hyl Phenol 

7 tj ( ^ i' a,ph u ' d,methylbenz y , > 6 - meth oxymethyl phenol 
50 2-dodecy -4.meth y l-6-methox y methyI phenol V P 

P f . 2 ' 4 " d, . c y clohex y , - 6 -methoxymethy] phenol 

^^^^S^S^£^^ 2 f l^ thc r"P Siting of 2- 
benzothiazolyl sulfide, and 2-^*y^^ 
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Preferred products are those selected from the group consisting of 2,4-dialkyl-6- 
alkoxymethyl phenols, 2,4-dialkyl-6-(hyd^^^^^ 2-aralkyM-alkyl- 
6-alkoxymethyl phenols, and 2,4-diaralkyl-6-alkoxymethyl phenols. 

Example No. 46. 
Preparation of 2,6-di-t-butyl-4-methoxymethylphenol 

A Eon of 17 g. (0.05 mole) of the 3,5-d.-t-butyl-4-hydroxybenzyl N,N- 
diHH^toftami, .i 8.3 ml. (0.05 mole) of 6 N. NaOH in 50 ml of methanol 
wTheSed to reflux for ten minutes. The solution was then diluted I wi n water and 
TsSud predpitate was filtered off and dried. The yield of 2,6-d,-t-butyl-4-methox y - 
methylphenol was 12.5 g. (substantially quantitative), m.p. 98—100 U 

Example No. 47. 

Preparation of 2-mcthyl-4-(methoxymethyl)-6-t-butylphenol. 

A solution of 29.7 g. (0.1 mole) of 3-methyl-4-hydroxy-5-t-buty benzyI N,N- 
diethyld Sbamate and § 16.6 ml. (0.1 mole) of 6 N. NaOH in 100 ml of methanol 
was heated to reflux and then diluted with 150 ml. of water and cooled. The oil 
wh eh Iparated was extracted with hexane. The hexane solution ^was concentrated 
Tnd cooled. The product which crystallized was fj^* The y,eld of 2- 

methyl-4-(methoxymethyl)-6-t-butyl-phenol was 15 g. (72 / 0 ), m.p. 64 

Analysis: Calc'd: - % C, 75.0; % H, 9.72 
Found: - % C, 74.84; % H, 9.82. 

Example No. 48. 
PreDaration of 2,6-di-t-butyl-4-ethoxymethylphenol. 

A sohjtion of 17 g. (0.05 mole) of 3,5-di-t-butyl-4-hydroxybenzyl N 3 N-d.methyl- 
ditJiiocarba^e and 83 ml. (0.05 mole) of 6 N. NaOH in 50 ml of e*anol was 
heated to reflux for five minutes. The solution was then poured into 100 ml. oi cold 
water The oil which separated was extracted with hexane. The hexane solution was 
wa hed with water, dried with anhyd. Na 2 C0 3 and ^""^^^^^o 2 '^ 1 ^ 
butyl-4-ethoxymethy!phenol was obtained as a crystalline product, m.pt. 46 C, by 
cooling of the hexane solution and filtration v H 10 60 

Analysis: Calc'd: — % Q 77.3, /, H, 1U.6U. 

Found: — % C, 77.9; % H, 10.43. 

Example No. 49. 
PreDaration of 2,6-di-t-butyl-4-isopropoxymethylphenol. 

A solution of 34 g. (0.1 mole) of 3,5-di-t-butyl-4-hydroxybenzyl N,N-dime thyl- 
a soiuuou ui ji e v. , sodium hydroxide in 60 ml. of 

SoproSShol wt Uott to^and'rSom temperature J* hours. The solution 
wasTn poured Tnto 150 ml. of cold water. The oil winch *P^™™S f 
wkh hexane and the hexane extract was evaporated down to yield 2,6-di-t-butyM- 
bo^^hyl phenol, m.p. 59-60° C. after recrystall.zat.on from hexane. 

Example No. 50. 

^r^ 

1Z M ytllS ^2 I butyM-meth^^-methoxymethylphenol as an amber oil weighing 
9.3 g. (90% yield) Example No. 5 1 . 

Preparation of NK2-hydroxy-3-t-b U tyl-5^ 

To a solution of 4 7 e. (0.05 mole) of aniline and 9 ml. (0.05 mole) oi on. wsuh 
lo a solution oi t./ B- v ' 0 - , * f 2-hvdroxy-3-t-butyl-5-methyl- 

^-hydrox y -3-t-butyl-5-methvlbenzyl)anil.ne was 10 g. (74 /,), m.p. 118-121 U 

A »'--gS; £&K tm W& 
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Example No. 52. 

Preparation of N N-bis(2-Hydroxy-3-t-butyI-5-methylben2yl)-hydroxylamine. 
rh-„ i T Z A 3 fiff 1 ^° C) , 0f 2 - h y d roxy-3-t-butyI-5-meth y lbenzyi 2-benzo- 
thuzoly sulfide 3.5 g. (0.05 mole) of hydroxyzine hydrochloride and 27 ml (0 15 
mole) of 6N. sod.um hydroxide in 75 ml. of ethylene glycol dimethyl ether was heated 
at reflux for 10 minutes. A white precipitate formed. The mixture was poured into 
^ \r v^K'^r^ u a product was filtered off, washed with water and dried The yield- 

250 > C (c I )° Ky , - S - melh y Iben2 y , ) h y dro *y'a™ine was 17.5 g. (90%), 



Example No. 53. 

methyOphenoi 0n ° f ^^'P^^'P^^^^hy^^yO^-methyl-e^dimethylamino- U 

rtW Z°J-\ nfS/ ° f H 112 I j 0 - 6 . mole > of 25 % ^ous dimethylamine and 16 g. 
15 i ? i- } of k 5 , 0 % sod,um hydrox,de m 350 ml. of ethanol and 100 ml. of ethylene 

g ycol dnnethyl ether was added 81 g. (0.2 mole) of 2-hydroxy-3-(alpha aYoha- , 
Xf?r en ,n yl>5 "T thy S n2yl 2-benzothiazolyl sulfide. The mixture JfSSSSF* 1 
reflux for 30 minutes. The resulting solution was then cooled and the solid which 
precipitated out was filtered off, washed with ethanol and dried. IT* yield ofT(aX - 
m? Tm^?C ■ 4 - methy, - 6 -( dinieth y laminome *y»)phenol was 7 49 g (87%), 

Example No. 54. 

Preparation of p-bis(3,5-di-t-butyl-4-hydroxyben 2 yl)-amino diphenylamine 

mn JY™ T ° f ul g - ?-°. 5 m0le > 0f P-^inodiphenylamine and 17 5 ml (0 1 
mole) of 6N sodium hydroxide in 175 ml. of ethanol was added 34 g. (0 1 mole of 

heted ;^r"^ d Tr yben2y ' N ' N - d ''^thyldithiocarbamate. The § solution was 
ft 1 reflux f i>, r 10 'minutes, a precipitate forming. The mixture was cooled and 
die product was filtered off, washed with ethanol and dried. The yield ofTbisH 5 
d,-t-butyl-4-hydroxyben2yl)amino diphenylamine was 22 g. (71%?^ 201-203° c" 



Analysis — Cak'd: % N, 4.51. 
JU Found: % N, 4.40. 



Analysis — Calc'd: % N, 2.42. 

Found: % n, 2.48. 

Example No. 56. 



d . Example No 57 

Preparation of N-methyl-N-(2-hydrow-3 t hm„i ? u ■ 
To a solution of 10.7 I (0 1 mXnf m '"^^'^"^^aniline. 
50% sodium hydroxide in 50 m of 2h N-methylamhne and 8 g (0.1 mole) of 
hydroxy-3- t -bury y i-5j^ 29.7 g. (O./mol'o/ 2 

heated at reflux for 30 minutes .On c£li„f3« a ^ C ' 71,6 S0,ution ™ 

was diluted with a small amount of waS' add? °^P rec «d out. The mixture 
product The product was then filtered off washed ftST^ l ° 3ld l ep * mion °' the 
SSkSJk 67^ y, - N - (2 -« 



2( 



2: 



30 



„ . Example No. 55. 

Preparation of N,N-bis(3,5-di-t-butyl-4-hydroxy-ben 2 yl).^-naphthvlamin e 
of 6 N ?n ?° r/'V' f 0 -? T l6) ° f ^-Whthylamini fnd ?5 5 ml 0 1 mole) 

hydroxybenzyl^-naphthylamine was 19 g. (65%™ ^191_.i? 2 o C Y 4 " 



40 



t^oK 

(0.15 mole) of 6N. sodium hydroxidTin 100 ml If hydrochloride and 27 ml. 

of 3-me4l-4-hydroxy-5 tX"benz^ mSs^SS:^^ 3 ° g " (01 mole > 

was heated at reflux for 15 minmS a m£l^ Y thloc * T * a ™*- The mixture 45 

with 200 ml. of water and ,h?S« JJCft 7^ "J™. was d,Iuted 

b ;£ me^ yield of N,N- 

^18—^0 C. after recrystallization from ethanol. g ' ^ 6/ °)' m P- 



50 



55 
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Example No. 58. . , 

Preparation of N-methyl-N-^-hydroxy-M^^ 

50% sodium hydroxide in 50 ml. of ethanol was added w K _ ^ 
hydroxy - 3 - (alP^alpha . dime^ Man ^ h 

dithiocarbamate ^^I'Zs heated at reflux for 30 minutes. The 

base with carbon disulfide). The mixture was n . i h hexane . The hexane 

resulting solution was poured into wa«r ™*%™™™ sxA t ne and evaporated 

dimethylbenzyl^S-methylbenzyO-amline was 17 g. (98/.). 

T^^me^h^^^makin^ "compound of the formu,a A 2 S, AOR, ASRS A,NR', 
ANR-4- 1 or A — S — X — S — A; wherein: — 
A represents 




or 




11 



— S — C — NR*R 9 > 



represent 

or H-S-X-S-H herein significance, the reaction being effected 

R, RS R 5 , A and R and X .have .the above s ^ ^ d t_ 

in an inert solvent, or when ROH »« d ^ "^SS? ANR% or A-S-X-S-A- 

iD8 TK&»^*^*^ " the soivm is 3 water 

or a mixture of an aromauc hydr()carbon and waten an aHphatjc 

3. A method as claimed .n Ofim 2 wher em ^ or 

alcohol, dioxan, ethylene glycol dimethyl ethe. or 



10 



15 



R< and R> being the same or different and representing alkyl, cycloalkyl or 

rSSs^ having up t0 20 

g "p^ent^ alkyl, hydroxyalkyl, aryl, cycloalkyl or aralkyl group having 

up to 18 carbon atoms, A :4t^ nt and reDresent H, OH or an alkyl, 

R* and R 3 may be the same or different and represen , 25 

cydoalkyl, hydroxyalkyl, aralkyl ^or aryl f™P™^ Tt?Tese mng hydrogen 

A has the above significance, and 
Z represents ^ 



24 
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10 



15 



50°C 5 a^dTo e ?oC. 35 daimCd iB C ' aim 4 ' Whkh is CffeCted at a temperature between 
7 aZ^ZL^T 166 !? ^ aimS 4 0r 5 which » effected under reflux. 

the compound AZ. compound n 5 X S H ls reaaed with 2 moles of 

11. A method as claimed in Claim 10, wherein X represents : - 
W — (CH 2 )o— wherein n is an integer from 2 to 12, 
(b) » 



m r 



I 

1 ku 



(c) 



i25 



CH,- 




3n 3lkyl gn>UP ^ fr ° m 1 t0 4 carbon a ">™ and n is an integer 

(<0 



-CH; 




(e) 



or 





30 WhCr ^ n R " an alkyl radical a "d n is an integer from 0 



to 4 



wherein Z represents O, S, or SO, 
(g) 
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(h) 




wherein R represents hydrogen or an alkyl group and n is an integer from 0 to 6 

(0 

(R) (A) 

-(c)— x— (d- 

(t) . (1) 

.{Rk (R)rv 

wherein R represents hydrogen or an alkyl group, n is an integer from 1 to 6 and X' 
represents 0 : S, SO, or MR 1 wherein R 1 represents an alkyl group. 

S:H CH-> — O — CH ; — CH ; — 0 — CH,. — CH : — or 

CHo— ^CH, — 0 — CH : — O — CH, — CH 5 — , or 

GO 



!?1 9 1?) 

-[cj-c-lcj- 

(R)a (R)a 



wherein R represents hydrogen or an alkyl group and n is an integer from 1 to 5. 

12 A method as claimed inClaim 11, wherein, in the compound AZ, R* and K in 
formulae I or II represent methyl or tert. butyl groups, and, in the compund 
H— S— X — S — H, X represents — CHj — CH 2 — , 




or — CHo — CH 2 — 0 — CH 3 — CH 2 — . . 

13 A method of making AS R l as claimed in any one of Claims 1 to 9, wherein 
one moie of R l SH is reacted with one mcle of the compou-d AZ in the presence off one 
mole of the alkali metal hydroxide ,,..„, rxj ru _r>w 

14. A method as claimed in Claim 13, wherein R l represents — CH 2 — Ui 2 — OH, 
— CH« — Ar or Ar, wherein Ar represents any aryl group. 

15 A method as claimed in Claim 14, wherein R' is a p-tert. butyl-phenyl group. 

16 A method of making AOR as claimed in any one of Claims 1 to 9 wherein one 
mole of alkali metal hydroxide and at least one mole of ROH are reacted with one 
mole of ^VZ 

m ° e i7. A method as claimed in Claim 16, wherein R, in ROH, represents methyl or 

' 6 hy l8° X Ainrthod as claimed in any one of Claims 10 to 17 wherein, in the radical A, 
R' and R' represent methyl or tert.butyl groups. 

19 A method of making A.NR- as claimed in any one of Claims 1 to 9, which 
comprises reacting one mole of AZ with one mole of the alkali metal hydroxide and 
either one mole of ANHR- cr 1/2 mole of R-NH,. 

20 A method of making ANR-'R' 1 as claimed in any one of Claims 1 to 9, which 
comprises reacting one mole of AZ with one mole of the alkali metal hydroxide and 

one mole of ^ c , aimed in Claims 19 or 2 0, wherein R' and R J in the radical 
A represent methyl, tert.butyl or alpha,alpha^irnethyl benzyl groups. NTlll . p3 ie 

22 A method as claimed in Claims 19, 20 or 21 wherein NH a R- or NHR-R s 
hydroxylaminc, dimethybmine, p-phenylene diamine, /?-naphthylamme, aniline or N- 
methyl aniline. 



26 
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23. A method as claimed in Claim 1, substantially as described in any one of the 
foregoing Examples excepting Example 17. 

24. A compound having the formula 



CH 2 -S-X-S-Cf£ 





or 



R Y^CH r S-X-S-CH z -^^R' 



10 



15 



20 



wherein R' and R 5 may be the same or different and represent alkyl, cycloalkyl or 
aralkyl groups having up to 12 carbon atoms and X is a diradical containing from 2 
to 18 carbon atoms. 

25. A compound as claimed in Claim 24 wherein X represents : — 

(a) — (CH..)„ — wherein n is an integer from 2 to 12, 

(b) 

R (R) R 



-c-fcj-c- 



R (R)a R 

wherein R represents a hydrogen atom or an alkyl group, at least one R representing an 
alkyl group, and n is an integer from 0 to 9, 



(c) 



CH 2 - 



wherein R is an alkyl group having from 1 to 4 carbon atoms and n is an integer from 
0 to 4 

(A) 





(e) 



25 



wherein R is an alkyl radical and n is an integer from 0 to 4 

(0 





wherein Z represents 0, S or SO-, 
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(g) 



-CC.-C5 



XR, 



-CR 



' IB. 



wherein R represents hydrogen or an alkyl group and n is an integeT from 0 to 6 



(0 



(i) 



0- 
I) 



wherein R represents hydrogen or an aikyl group, n is an integer from 1 to 6 and X 1 
represents O, S, SO : or NTR 1 wherein R 1 represents an alkyl group. 



10 



15 



20 



25 



30 



35 



40 



— CH S — CH^— (V-CHr-CH 2 — O-CH,— CH r 
CH,— CH — O— CH-— 0--CHj— CH 2 — , or 

00" 



10 



or 




(?) 



i- 
l 



wherein 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42 

43. 

44. 

45. 

46. 

47. 

48. 
diethyl 

49 



R represents hydrogen or an alkyl group and n is an integer from 1 to 5. 
A bis(3-a]kyl-4-hydroxy-5-alkylbenzyltrrio)-alkane. 
l 5 2-Bis(3 > 5-di-t-butyl-4-hydroxybenzyltJiio)-ethane. 
l,4-Bis(3-methyL-4-hydroxy-5-t-butyib^nzylthio)birtane. 
A bis(3-alkyl^-hydroxy-5-alkylbenzylthio)-alkylbenzene. 
3 4-Bis(3,5-di-t-buryl-4-hydroxybenzyithio)- toluene. 
Ari tt 3 a'-tas(3-aikyl-4-hydroxy-5-al^ 
Aipha,alpha'-bis(3-methyi-4-hydroxy-5-t-bu^ 
Alpha,alpha / -bis(3 ) 5-di-t-butyl-4-hydroxyben2ylThio)-p-xylene. 
A bis(3-alk>'l-4-hydroxy-5-alkyibenzylthio)dialkyl ether. 
Beta 5 Bera / -bis(3 ) 5-di-r-butyl-4-hydroxybenzylthia)diethyl ether. 
Baa ) r^u^bis(3-mcthyl-4-hydroxy-5't-birtylbenzylthio)diethyl ether. 
A bis(3-alkyM-hydroxy-5-alkylbcnzylthio)dialkyl sulfide. 
Beta,beta / -bis(3 J 5-di-t-butyl-4-hydroxybenzylthio)diethyl sulfide. 
A bis(3-alkvJ-4-hydroxy-5-alkyl bcnzylthiojdiphenyl ether. 
4 > 4'-Bis(3,5-di-t-butyl-4-hydroxybenzyithio)-diphenyl ether. 
A bis(3-alkyl-4-hydroxy-5-alkyIbenzylthio)biphenyL 
p 1 p'-bis(3 > 5-di-t-butyl-4-hydroxybenzylthio)-biphenyi 
A bis(2-hydroxy-3-alkyi-5-alkyibenzylthio)alkane. 
1 2-Bis(2-hydroxy-3-t-butyU5-methyIbenzylthio)ethane. 
A bis(2-hydroxy-3-alkyl-5-aikylbenzylthio)alkylbenzene. 
Alpha ) alpha / -bis(2-hydroxy-3-t'butyL-5'methylbenz7lthio)-]>xylene. 
A bis/2-hydroxv-3-alkyl-5-alkylbenzylthio)dialkyl ether. 
. Beto£eta'-bis(ihydroxy-3^ 

C ^YaMta'-bis(2-h^^ ether. 
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50. Beta,bera'-bis(2-hydrc>xy-3-nonyI-5-methylbenzyithio)-diethyl ether. 

51. A bis(2-hydroxy-3^raJkyl-5-aIkyibenzyhhio)a]kyIbenzene. 

52 Alpha^alpha' - bis(2 - hydroxy - 3 - (aJpha 3 alpha' - dimethylbenzyl) - 5- 
methyIbenzyIthio)-p-xyIene. J 

53. A bis(2-hydroxy-3-aIkyl-5-aIky]ben2yIthio)-diphenyl ether. 

54. p ) p , -Bis(2-hydroxy-3-t-butyJ-5-methyIbenzyIthio)diphenyI ether, 

55. A bis(2-hydroxy-3-alkyl-5-alkyibenzyIthio)aIkyl cyclohexane. 

56. Beta(2 - hydroxy - 3 - t - buty! - 5 - mcthylbenzylthio) - ethyl - 4 - (2- 
hydroxy - 3 - t - butyl - 5 - methylbenzylthio)qrclohexane. 

57. A bis(2-hydroxy-3-alkyl-5-alkylbenzyithio)diethvl sulfide. 

58. Beta J beta / -biX2-hydrDxy-3-t-buty]-5-methylben2ylthio)diethyl sulfide. 

59. A bis(2-hydroxy-3-alkyl-5-alkylben2ylthio)biphenyI. 

60. p,p'-Bis(2-hydroxy-3-t-buty]-5-methyIben2yithio)biphenyL 

T. A. CLAYTON, 
Agent for the Applicants. 
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